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5 BACKGROUND OF THE INVENTION 

This application relates generally to optical lensing and more specifically to 
techniques and devices for routing optical signals. 

10 The Internet and data communications are causing an explosion in the global 

demand for bandwidth. Fiber optic telecommunications systems are currently deploying a 
relatively new technology called dense wavelength division multiplexing (DWDM) to expand 
the capacity of new and existing optical fiber systems to help satisfy this demand. In 
DWDM, multiple wavelengths of light simultaneously transport information through a single 

15 optical fiber. Each wavelength operates as an individual channel carrying a stream of data. 
The carrying capacity of a fiber is multiphed by the number of DWDM charmels used. 
Today DWDM systems employing up to 80 channels are available from multiple 
manufacturers, with more promised in the future. 

20 In all telecommunication networks, there is the need to connect individual 

channels (or circuits) to individual destination points, such as an end customer or to another 
network. Systems that perform these functions are called cross-connects. Additionally, there 
is the need to add or drop particular channels at an intermediate point. Systems that perform 
these fimctions are called add-drop multiplexers (ADMs). All of these networking functions 

25 are currently performed by electronics - typically an electronic SONET/SDH system. 

However SONET/SDH systems are designed to process only a single optical channel. Multi- 
wavelength systems would require multiple SONET/SDH systems operating in parallel to 
process the many optical channels. This makes it difficult and expensive to scale DWDM 
networks using SONET/SDH technology. 
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The altemative is an all-optical network. Optical networks designed to operate 
at the wavelength level are commonly called "wavelength routing networks" or "optical 
transport networks" (OTN). In a wavelength routing network, the individual wavelengths in 
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a DWDM fiber must be manageable. New types of photonic network elements operating at 
the wavelength level are required to perform the cross-connect, ADM and other network 
switching functions. Two of the primary functions are optical add-drop multiplexers 
(OADM) and wavelength-selective cross-connects (WSXC). 

5 

In order to perform wavelength routing functions optically today, the light 
stream must first be de-multiplexed or filtered into its many individual wavelengths, each on 
an individual optical fiber. Then each individual wavelength must be directed toward its 
target fiber using a large array of optical switches commonly called an optical cross-connect 

10 (OXC). Finally, all of the wavelengths must be re-multiplexed before continuing on through 
the destination fiber. This compound process is complex, very expensive, decreases system 
reUabihty and compUcates system management. The OXC in particular is a technical 
challenge. A typical 40-80-channel DWDM system will require thousands of switches to 
fully cross-connect all the wavelengths. Opto-mechanical switches, which offer acceptable 

15 optical specifications, are too big, expensive and unreUable for widespread deployment. New 
integrated sohd-state technologies based on new materials are being researched, but are still 
far from commercial application. 

Consequently, the industry is aggressively searching for an all-optical 
20 wavelength routing solution that enables cost-effective and reliable implementation of high- 
wavelength-count systems. 



SUMMARY OF THE INVENTION 

25 

Embodiments of the invention are directed to an optical arrangement and 
method for receiving a light beam having a plurality of spectral bands and directing subsets 
of the spectral bands along optical paths to respective optical elements. The light beamis ./^fc 
received at an input port. The optical elements/^e configured as a substantially planar array. ^ 
30 A dispersive element is configured^ e diffM^ the hght beam, after it has been colnmated, into 
a plurality of angularly separated beams that correspond to the plurality of spectral bands. A 
first focusing element is disposed with respect to the dispersive element and with respect to 
the array of optical elements such that dte pgrsiQn in the f n rnl diatonco of the firot focucing 
^@ k?tuuiL fui diffuuiL cUlgnlail^ suparatod boonm compcnoatco - furfltld mnraturc aberration ^ 
K^ocr^o^vUfv o-^ ^^ccV wl-VU ^ ^ ^c.^^-^cck 




.^e tm^^^d by lliu fiisl fuuusilig eleiiiei tt: Different embodiments are adapted for positive and 
negative field curvature aberrations. 

In certain embodiments, the dispersive element is a reflective diffraction 
5 grating. The first focusing element may be further disposed with respect to the reflective 
diffi-action grating to coUimate the light beam before the light beam encounters the reflective 
diffraction grating. In such embodiments, the first focusing element may be, for example, a 
lens disposed between the input port and the reflective diffraction grating or a curved mirror 
disposed to intercept light from the input port. In one embodiment, the input port is 
1 0 substantially coplanar with the array of optical elements. For a positive field curvature 

aberration, the input port may thus be positioned proximate the optical element corresponding 
to the shortest- wavelength spectral band, with optical elements corresponding to 
ii progressively longer-wavelength spectral bands positioned progressively farther from the 
m input port. For a negative field curvature aberration, the input port may be positioned 
Of 1 5 proximate the optical element corresponding to the longest-wavelength spectral band, with 
Oil optical elements corresponding to progressively shorter-wavelength spectral bands positioned 
1 " progressively farther from the input port. 



Li In other embodiments, the dispersive element is a transmissive diffraction 

S20 grating. A second focusing element is disposed with respect to the transmissive diffraction 
grating to coUimate the Ught beam before the hght beam encounters the transmissive 
diffraction grating. The first and second focusing elements may have a common synmietry 
axis that is substantially orthogonal to the array of optical elements. The input port may be 
positioned within a plane parallel to the array of optical elements. For a positive field 
25 curvature aberration, the input port may be displaced from the symmetry axis by an amount 
substantially equal to a displacement from the symmetry axis by the optical element 
corresponding to the shortest-wavelength spectral band; the optical elements corresponding to 
progressively longer-wavelength spectral bands may thus be progressively farther from the 
optical element corresponding to the shortest-wavelength spectral band. For a negative field 
30 curvature aberration, the input port may instead be displaced from the symmetry axis by an 
amount substantially equal to a displacement from the symmetry axis by the optical element 
corresponding to the longest-wavelength spectral band; the optical elements corresponding to 
progressively shorter-wavelength spectral bands may thus be progressively farther from the 
optical element corresponding to the longest-wavelength spectral band. In one embodiment. 
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the first focusing element is a lens disposed between the transmissive diffraction grating and 
the array of optical elements and the second focusing element is a lens disposed between the 
input port and the transmissive diffraction grating. 

5 In still other embodiments, the dispersive element is a prism. A second 

focusing element may be disposed with respect to the prism to collimate the light beam 
before the Ught beam encounters the prism. Alternatively, the dispersive element may be a 
grism. 

10 The array of optical elements may comprise an array of routing elements. In 

one embodiment, each such routing element is dynamically configurable to direct a given 
angularly separated beam to different output ports depending on its state. In alternative 
S embodiments, the array of optical elements comprises an array of detector elements. 

'h, - l 

mis In certain embodiments, the dispersive element is angularly positioned with 

m respect to the first focusing element to minimize the field curvature aberration. In other 

embodiments, the first focusing element is designed to have a specific field curvature 
O aberration based on an angular position of the dispersive element with respect to the first 
ilI focusing element. 

Embodiments of the invention may be incorporated in a wavelength router. 
Such a wavelength router is configured to receive, at an input port, light having a plurality of 
spectral bands and to direct subsets of the spectral bands to respective ones of a plurality of 
output ports. A routing mechanism is provided having a substantially planar array of 
25 dynamically configurable routing elements, each of which is structured to direct a given 
spectral band to different output ports, depending on its state. A free-space optical train 
included a dispersive element and focusing element forming an optical arrangement as 
described above is disposed between the input port and the output ports to provide optical 
paths for routing the spectral bands. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

A further understanding of the nature and advantages of the present invention 
may be realized by reference to the remaining portions of the specification and the drawings 
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wherein like reference nunaerals are used throughout the several drawings to refer to similar 
components. In some instances, a sublabel is associated with a reference numeral and is 
enclosed in p^entheses to denote one of multiple similar components. When reference is 
made to a reference numeral without specification to an existing sublabel, it is intended to 
refer to all such multiple similar components. 

Figs. lA, IB, and IC are schematic top, side, and end views, respectively, of 
one embodiment of a wavelength router that uses spherical focusing elements; 

Figs. 2A and 2B are schematic top and side views, respectively, of a second 
embodiment of a wavelength router that uses spherical focusing elements; and 

Fig. 3 is a schematic top view of a third embodiment of a wavelength router 
that uses spherical focusing elements; 

Fig. 4 is a schematic diagram illustrating the effect of field curvature from a 

refractive lens; 

Fig. 5 A is a schematic top view of a first embodiment of a wavelength router 
in which effects from focal length dispersion and positive field curvature act constructively; 

Fig. 5B is a schematic top view of a first embodiment of a wavelength router 
in which effects from focal length dispersion and positive field curvature compensate for 
each other; 

Fig. 5C is a schematic top view of a first embodiment of a wavelength router 
in which effects from focal length dispersion and negative field curvature act constructively; 

Fig. 5D is a schematic top view of a first embodiment of a wavelength router 
in which effects from focal length dispersion and negative field curvature compensate for 
each other; 

Fig. 6A is a schematic top view of a second embodiment of a wavelength 
router in which effects from focal length dispersion and positive field curvature act 
constructively; 

Fig. 6B is a schematic top view of a second embodiment of a wavelength 
router in which effects from focal length dispersion and positive field curvature compensate 
for each other; 

Fig. 6C is a schematic top view of a second embodiment of a wavelength 
router in which effects from focal length dispersion and negative field curvature act 
constructively; and 



m 

Fig. 6D is a schematic top view of a second embodiment of a wavelength 
router in which effects from focal length dispersion and negative field curvature compensate 
for each other. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

1. Introduction 

The following description sets forth embodiments of an optical switch for use 
in an optical wavelength router according to the invention. Embodiments of the invention 
can be applied to network elements such as optical add-drop multiplexers (OADMs) and 
wavelength-selective cross-cormects (WSXCs), among others, to achieve the goals of optical 
networking systems. 

The general functionality of one optical wavelength router that can be used 
with the embodiments of the invention is described in detail in the copending, commonly 
assigned United States Patent Application, filed November 16, 1999 and assigned Serial No. 
09/442,061, entitled "Wavelength Router," which is herein incorporated by reference in its 
entirety, including the Appendix, for all purposes. As described therein, such an optical 
wavelength router accepts light having a plurality of spectral bands at an input port and 
selectively directs subsets of the spectral bands to desired ones of a pluraUty of output ports. 
As used herein, the terms '*input port" and "output port" are intended to have broad meanings. 
At the broadest, a port is defined by a point where hght enters or leaves the optical router. 
For example, the input (or output) port could be the location of a Ught source (or detector) or 
the location of the downstream end of an input fiber (or the upstream end of an output fiber). 

The wavelength router thus includes a dispersive element, such as a diffiraction 
grating or prism, which operates to deflect incoming light by a wavelength-dependent 
amount. Different portions of the deflected light are intercepted by different routing 
elements. The Intemational Telecommunications Union (ITU) has defined a standard 
wavelength grid having a firequency band centered at 193,100 GHz, and another band at 
every 100 GHz interval around 193,100 GHz. This corresponds to a wavelength spacing of 
approximately 0.8 nm around a center wavelength of approximately 1550 nm, it being 
understood that the grid is uniform in firequency and only approximately uniform in 
wavelength. The ITU has also defined standard data modulation rates. The OC-48 





modulation corresponds to approximately 2.5 GHz, OC-192 to approximately 10 GHz, and 
OC-768 to approximately 40 GHz. 

2. Wavelength Router Configurations 

5 

Figs. 1 A, IB, and IC are schematic top, side, and end views, respectively of 
one embodiment of a v^avelength router 10. Its general functionality is to accept Ught having 
a plurality A'' of spectral bands at an input port 12, and to direct subsets of the spectral bands 
to desired ones ofapluralityMofoutput ports, designated 15(1) ... \5{M). The output ports 

10 are shown in the end view of fig. IC as disposed along a line 17 that extends generally 

perpendicular to the top view of Fig. lA. Light entering the wavelength router 10 from input 
port 12 forms a diverging beam 18, which includes the different spectral bands. Beam 18 
encounters a lens 20 that collimates the light and directs it to a reflective diffraction grating 
25. The grating 25 disperses the light so that coUimated beams at different wavelengths are 

15 directed at different angles back towards the lens 20. 

Two such beams are shown explicitly and denoted 26 and 26', the latter drawn 
in dashed lines. Since these coUimated beams encounter the lens 20 at different angles, they 
are focused towards different points along a line 27 in a transverse plane extending in the 

20 plane of the top view of Fig. lA. The focused beams encounter respective ones of a plurality 
of retroreflectors, designated 30(1) . . . 30(AO, located near the transverse plane. The beams 
are directed back, as diverging beams, to the lens 20 where they are coUimated, and directed 
again to the grating 25. On the second encounter with the grating 25, the angular separation 
between the different beams is removed and they are directed back to the lens 20, which 

25 focuses them. The retroreflectors 30 may be configured to send their intercepted beams 
along a reverse path displaced along respective lines 35(1) . . . 35(A0 that extend generally 
parallel to line 17 in the plane of the side view of Fig. IB and the end view of Fig. IC, 
thereby directing each beam to one or another of output ports 15. 

30 Another embodiment of a wavelength router, designated 10', is illustrated with 

schematic top and side views in Figs. 2A and 2B, respectively. This embodiment may be 
considered an unfolded version of the embodiment of Figs. 1 A-IC. Light entering the 
wavelength router 10' firom input port 12 forms diverging beam 18, which includes the 
different spectral bands. Beam 18 encounters a first lens 20a, which collimates the light and 
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directs it to a transmissive grating 25'. The grating 25' disperses the Ught so that coUimated 
beams at different wavelengths encounter a second lens 20b, which focuses the beams. The 
focused beams are reflected by respective ones of plurality of retroreflectors 30 as diverging 
beams, back to lens 20b, which cdllimates them and directs them to grating 25'. On the 
5 second encounter, the grating 25' removes the angular separation between the different 
beams, which are then focused in the plme of output ports 15 by lens 20a. 

A third embodiment of a wavelength router, designated 10", is illustrated with 

the schematic top view shown in Fig. 3. This embodiment is a further folded version of the 
10 embodiment of Figs. 1 A - IC, shown as a soUd glass embodiment that uses a concave 

reflector 40 in place of lens 20 of Figs. 1 A - IC or lenses 20a and 20b of Figs. 2A - 2B. 

Light entering the wavelength router 10" from input port 12 forms diverging beam 18, which 
5} includes the different spectral bands. Beam 18 encounters concave reflector 40, which 
I: collimates the light and directs it to reflective diffraction grating 25, where it is dispersed so 
5=h 5 that collimated beams at different wavelengths are directed at different angles back towards 
5;! concave reflector 40. Two such beams are shown expUcitly, one in soUd lines and one in 

dashed lines. The beams then encounter retroreflectors 30 and proceed on a retum path, 

Is 

; I encountering concave reflector 40, reflective grating 25', and concave reflector 40, the final 
encounter with which focuses the beams to the desired output ports. 

i{20 

- ■^ 3. Lens Field Curvature 

The use of real lenses in the wavelength routers necessarily introduces some 
level of optical aberration into the system. One known optical aberration that results from the 

25 use of lenses that have curved surfaces is field curvature (sometimes also called Petzval 
curvature after the Hungarian mathematician who is known for studying its properties). 
When object points lying within an object plane are imaged through a lens having curved 
surfaces, they may not all be focused in a single image plane. Instead, the focal points for 
different parts of the image are situated at a longitudinal distance from the paraxial image. 

30 The longitudinal displacement of the focus is proportional to the square of the image height, 
thereby producing a field curvature without any loss of definition. In effect, the image plane 
is distorted into a portion of a spherical surface, the nominal curvature of which is equal to 
the reciprocal of the lens radius. 

8 



The effect of field curvature is illustrated for a lens with an object at infinity in 
Figs. 4A and 4B. In Fig. 4A, the field curvature is positive. The focal point of each of three 
sets of parallel rays 102, 104, and 106 through lens 100 is shown. Rather than being focused 
onto an image plane 120, the object at infinity is focused onto the spherically curved surface 
5 130. Rays 104 parallel to the optical axis of the lens 100 are focused onto the image plane, 
but the deviation of the focus firom the image plane 120 increases as a result of the positive 
field curvature is the angle of incidence of the away firom the optical axis increases, as shown 
by rays 102 and 106. For a positive field curvature this deviation is towards the lens 100. By 
contrast, in Fig. 4B the field curvature is negative. In this instance, the focal points through 
10 lens 100' moves away from the image plane 120' and onto the spherically curved surface 130' 
as a result of the field curvature. This is illustrated with three sets of parallel rays 102', 104', 
and 106;. 

Various methods have been used to compensate for the field curvature. One 
1 5 method is to introduce an overcorrected astigmatism, which may be identified by the 

distortion of circular objects into elliptical images. While the effect of the overcorrected 
astigmatism may mitigate the field curvature it has its own undesirable optical aberrations, 
the effect being simply to trade one optical aberration for another. Another method to reduce 
field curvature involves arranging a plurality of lens elements, combining relatively strong 
20 negative elements having a low index of refraction with positive elements having a high 
index of refraction. This adds complexity to the optical arrangement and is, in any event, 
more difficult to implement at infrared wavelengths such as used in telecommunicafions 
appUcafions. This is because the readily available glasses at such wavelengths exhibit 
relatively flat dispersion curves, making it difficult to flatten the focal field of a lens by using 
25 different glass types. 

4. Focal-field Flattenine 

Thus, embodiments of the invention use an optical arrangement that includes 
30 both a dispersive element for angular separation of a beam and a focusing element to focus 
the separated beams. The dispersive element and the focusing element are designed and 
positioned so that the variation of focal length with wavelength of the angularly dispersed 
images is compensated by the field-dependent curvature of the lens focal plane. In certain 
embodiments, the angular position of the dispersive element is chosen to minimize the final 
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image field curvature, i.e. flatten the field, for both positive and negative field curvatures. 
Conversely, if a predetermined angular position of the dispersive element is needed, then the 
lens may be designed in some embodiments to yield the correct sign of field curvature to 
minimize the final image curvature, i.e. flatten the field. In this manner, the final image 

5 surface curvature is minimized and the field is flattened. The arrangement is particularly 
usefiil in applications where the separated beams are to be directed to an array of mirrors or 
detectors that lie in a plane. This arrangement is also very usefiil when a predetermined 
focusing element with uncontrolled field curvature must be used. By flattening the focal field 
of the focusing element so that it more closely matches the plane of the mirrors or detectors, 

10 the spot size across each mirror or detector is reduced. 

In different embodiments, the dispersive element may be reflective, such as a 
% reflective diffraction grating, or may be transmissive, such as a transmissive diffraction 
:;f grating, a prism, or a grism. The focusing element may also be transmissive, such as a 
nil 5 positive lens, or may be reflective, such as a curved mirror. Various lens configurations may 
% be used, including biconvex, plano-convex, meniscus configurations, and mulfielement lenses 
^ or microsystems. While embodiments of the invenfion may be adapted for a variety of 

is 

O optical configurations in which angularly separated beams are directed to an array of mirrors 
PI of detectors, they are particularly useful in embodiments that use multipass configurations. 
^hS) In a multipass configuration, balancing the dispersion in focal length with the field curvature 
ip^ may be particularly effective. In certain of those multipass configurations, the light source is 
in the same plane as the detectors or mirrors. 

The wavelength routers described above provide examples of optical 
25 configurations where embodiments of the invention are usefiil, although the invention may 
also be adopted for other optical configurafions. Figs. 5 A - 5D, for example, illustrate how 
balancing focal length dispersion with field curvature may be used in the wavelength router 
described with respect to Fig. 1 A - IC. Figs. 5 A and 5B make such an illustration where the 
field curvature is positive and Figs. 5C and 5D make a corresponding illustration where the 
30 field curvature is negative. Each of Figs. 5 A - 5D schematically show a top view of an 

arrangement where the input port 12 lies in the same plane as the array of retroreflectors 30. 
In the illustrated arrangement, the retroreflector at the bottom of the array, labeled 30(1), is 
used to reflect the spectral band having the shortest wavelength while the retroreflector at the 
top of the array, labeled 30(AO is used to reflect the spectral band having the longest 
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wavelength. For telecommunications applications, for example, retroreflector 30(1) may be 
used for signals at -1530 nm and retroreflector 30(AO may be used for signals at ---1565 nm. 

In each of Figs. 5 A - 5D, the short-wavelength spectral band is shown in 
5 dashed lines (and labeled 42, 42\ 42", and 42"* in the respective figures). The long- 
wavelength spectral band is shown in dotted lines (and labeled 44, 44\ 44", and 44"' in the 
respective figures). In Figs. 5A and 5B, the monochromatic focal field for positive field 
curvature is defined by curve 131 and represents the locus of foci for monochromatic rays 
transmitted through the lens. Similarly, in Figs. 5C and 5D, the monochromatic focal field 
1 0 for negative field curvature is defined by curve 131". 

In Fig. 5 A, the input port 12 is positioned in the common input- 
port/retroreflector plane proximate the longest wavelength retroreflector 30(AO. As shown, 
this has a negative effect on the focal field that results firom positive field curvature, distorting 

15 it to curve 132 so that foci for the long- and short-wavelength spectral bands are farther apart. 
By contrast, Fig. 5B illustrates how the focal field is flattened when the input port is instead 
positioned proximate the shortest wavelength retroreflector 30(1), resulting in a decrease in 
longitudinal separation for the foci of the long- and short-wavelength spectral bands. The 
flattened focal field is denoted by curve 132'. When the input port 12 is in the same plane as 

20 and proximate the long-wavelength retroreflector 30(A/), the effects of focal length dispersion 
and positive field curvature combine constructively to increase the optical aberration. 
Conversely, when the input port 12 is in the same plane as and proximate the short- 
wavelength retroreflector 30(1), the focal-length-dispersion and positive-field-curvature 
effects compensate for each other to limit the optical aberration. 

25 

The effect is similar for negative field curvatures, except that positioning the 
input port 12 proximate the longest wavelength retroreflector 30(7V) flattens the focal field 
and positioning the input port 12 proximate the shortest wavelength retroreflector 30(1) 
increases the optical aberration. Fig. 5C illustrates the optical paths when the input port 12 is 
30 positioned proximate the shortest wavelength retroreflector 30(1). The monochromatic focal 
field 131" resulting firom negative field curvature is distorted to curve 132" so that foci for the 
long- and short-wavelength spectral bands are farther apart. Fig. 5D illustrates the optical 
paths when the input port 12 is instead positioned proximate the longest wavelength 
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retroreflector 30(AO. In this case, the focal-length-dispersion and negative-field-curvature 
effects compensate to limit the optical aberration. 

The same focal-field flattening effect may also be used in embodiments in 
5 which the lens 20 is replaced with a reflective mirror, such as the multipass solid-glass 

embodiment of a wavelength router described with respect to Fig. 3. This embodiment also 
positions the input port 12 in the same plane as the array of retroreflectors. By positioning 
the input port 12 proximate the short-wavelength retroreflector rather than the long- 
wavelength retroreflector, field curvature aberration is reduced by exploiting the effect of 
10 wavelength dispersion. This may also be done for both positive and negative field curvatures 
by positioning the input port 12 proximate the shortest wavelength retroreflector 30(1) for 
positive field curvature and proximate the longest wavelength retroreflector 30(AO for 
T=b negative field curvature. 

injjis The same principles also operate when the input port 12 is in a different plane 

m from the array of retroreflectors 30, such as the wavelength router described with respect to 

Figs. 2A - 2B. Figs 6 A - 6D illustrate with a schematic top view the paths followed by the 
O short-wavelength and long- wavelength spectral beams when the input port 12 is configured in 
V;i two different positions for optical arrangements with positive and negative field curvatures. 
^^^20 The position of the input port 12 may be defined as being in a plane parallel to that containing 

the array of retroreflectors 30. 

Figs. 6A and 5C illustrate configurations in which the arrangement causes 
increased distortion of the focal field while Figs. 6B and 6D illustrate configurations in which 

25 the focal field is flattened. Thus, in the embodiment shown in Fig. 6A (for positive field 

curvature), the input port 12 is displaced from the symmetry axis 21 of the lenses 20a and 20b 
by the same amount and direction as is the retroreflector designated for long-wavelength 
spectral bands, labeled 30(AO- A similar arrangement is used for negative field curvature in 
Fig. 6C, where the input port 12 is displaced firom the symmetry axis 21* of the lenses 20a' 

30 and 20b' by the same amount and direction as is the retroreflector designated for short- 
wavelength spectral bands, labeled 30(1). 

Conversely, in the embodiment shown in Fig. 6B (for positive field curvature), 
the input port 12 is displaced from the symmetry axis 21 in the same manner as is the 
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retroreflector designated for short-wavelength spectral bands, labeled 30(1). Fig. 6D shows 
the corresponding arrangement for negative field curvature in which the input port 12 is 
displaced from the symmetry axis 21' in the same manner as is the retroreflector designated 
for long-wavelength spectral bands, labeled 30(AO. The monochromatic focal field for optical 
signals focused by lens 20b with positive field curvature is denoted in Figs. 6A and 6B by 
reference numeral 131b; similarly, the monochromatic focal field for optical signals focused 
by lens 20b' with negative field curvature is denoted in Figs. 6C and 6D by reference numeral 
131b". 

The beam path for the short-wavelength spectral band 1530 nm for 
telecommunications appUcations) is shown with dashed lines in each of Figs. 6A - 6D, 
denoted with reference numerals 46, 46', 46", and 46"' respectively. The long-wavelength 
1565 nm for telecommunicafions appUcations) beam path is shown with dotted lines and 
denoted with reference numerals 48, 48', 48", and 48"' respectively in Figs. 6A - 6D. When 
the position of the input port 12 reflects the position of the long-wavelength retroreflector 
3O(A0 and the field curvature is positive, as in Figs. 6A, the optical aberration is increased as 
a result of focal length dispersion and positive field curvature acting constructively to 
produce a distorted locus of foci 131b. When that position instead reflects the position of the 
short- wavelength retroreflector 30(1) and the field curvature is positive, as in Fig. 6B, the 
positive field curvature aberration is mifigated by the countervailing effect of focal length 
dispersion to produce a flattened focal field 132b'. Similarly, when the field curvature is 
negative and the input port 12 is positioned to reflect the position of the short-wavelength 
retroreflector 30(1), as in Fig. 6C, the optical aberration is increased as a result of focal length 
dispersion and negative field curvature acting constructively to produce a distorted locus of 
foci 132b". Finally, for the circumstance shown in Fig. 6D, where the field curvature is 
negative and the input port 12 is positioned to reflect the position of the long-wavelength 
retroreflector 30(AO, a flattened focal field 132b'" is produced. 

Such an optical configuration finds applications for other arrangements that 
intentionally focus spectral bands with different wavelengths. For example, such focusing 
may be onto a routing plane as described above, with an array of routing elements 
comprising, for example, mirrors, Uquid-crystal modulators, or microelectromechanical 
(MEMS) systems. In other embodiments, spectral bands with different wavelengths are 
intentionally focused on a detector plane, which may comprise, for example, film, an array of 
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charge-coupled devices (CCD's), or an array of complementary metal-oxide semiconductor 
(CMOS) imagers. 

Having described several embodiments, it will be recognized by those of skill 
in the art that various modifications, altemative constructions, and equivalents may be used 
without departing from the spirit of the invention. Accordingly, the above description should 
not be taken as limiting the scope of the invention, which is defined in the following claims. 
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